During protein synthesis, nascent polypeptide chains within the ribosomal tunnel can act in cis to induce ribosome stalling and regulate expression of downstream genes. The Staphylococcus aureus ErmCL leader peptide induces stalling in the presence of clinically important macrolide antibiotics, such as erythromycin, leading to the induction of the downstream macrolide resistance methyltransferase ErmC. Here, we present a cryo-electron microscopy (EM) structure of the erythromycindependent ErmCL-stalled ribosome at 3.9 Å resolution. The structure reveals how the ErmCL nascent chain directly senses the presence of the tunnelbound drug and thereby induces allosteric conformational rearrangements at the peptidyltransferase center (PTC) of the ribosome. ErmCL-induced perturbations of the PTC prevent stable binding and accommodation of the aminoacyl-tRNA at the A-site, leading to inhibition of peptide bond formation and translation arrest.
INTRODUCTION
Nascent polypeptide-mediated translation regulation can be an intrinsic property of the nascent chain or require an additional ligand, such as an amino acid or antibiotic (Ramu et al., 2009; Vá zquez-Laslop et al., 2011a) . Similar to other inducible macrolide resistance genes, the Staphylococcus aureus ermC gene is controlled by programmed arrest during translation of the upstream ermCL leader peptide (Horinouchi and Weisblum, 1980; Iord anescu, 1976; Shivakumar et al., 1980) (Figure 1A ): In the absence of erythromycin, ErmC expression is repressed because the ribosome-binding site (RBS) and AUG start codon of the ermC mRNA are sequestered in a stem-loop structure ( Figure 1A ). However, in the presence of subinhibitory concentrations of erythromycin, ribosomes translating the ErmCL leader peptide become stalled, leading to an alternative stem-loop structure in the mRNA that exposes the RBS and start codon of the ermC gene and thus allows ribosome binding and induction of ErmC expression ( Figure 1A ).
Previous studies demonstrated that polymerization of the ErmCL nascent chain halts because the ribosome is unable to catalyze peptide bond formation between the 9 aa long ErmCL-tRNA Ile (codon 9) in the ribosomal P-site and Ser-tRNA Ser (codon 10) in the A-site (Johansson et al., 2014; Vá zquez-Laslop et al., 2008 ) ( Figure 1A ). Mutations of specific ErmCL amino acid residues located in the ribosomal exit tunnel of the ErmCL-SRC reduce or abolish stalling, as do mutations of certain rRNA nucleotides that comprise the tunnel wall (Johansson et al., 2014; Mayford and Weisblum, 1989; Vá zquez-Laslop et al., 2008 , 2011b . Additionally, the chemical structure of the macrolide antibiotic can influence ribosome stalling (Vá zquez-Laslop et al., 2008 , 2011b . Collectively, these findings indicate that ribosome stalling results from interactions between the ErmCL leader peptide, the macrolide, antibiotic and components of the ribosomal tunnel (Vá zquez-Laslop et al., 2011a); however, a structural basis for this complex interplay is lacking.
To elucidate the nature of these interactions and ascertain how they lead to inactivation of the PTC of the ribosome, we generated ErmCL-SRC for structural analysis by cryo-electron microscopy (EM). The structure reveals the path of the ErmCL nascent polypeptide chain and its interactions with specific 23S rRNA nucleotides U2506, U2586, and A2062 within the ribosomal tunnel. Moreover, ErmCL is observed to directly interact with the cladinose sugar of erythromycin, thus revealing how the nascent chain monitors the presence of the tunnel-bound drug. Collectively, these interactions appear to stabilize a unique conformation of the ErmCL nascent chain that induces global rearrangements at the peptidyltransferase center (PTC) of the ribosome, which in turn prevent stable binding and accommodation of the A-tRNA, and thus induce translational arrest.
RESULTS
Cryo-EM Structure of the ErmCL-SRC The ErmCL-SRC was generated by translation of a dicistronic 2XermCL mRNA in the presence of 10 mM erythromycin using an E. coli lysate-based in vitro translation system. The ErmCL-SRC disomes were isolated by sucrose gradient purification, converted to monosomes, and directly applied to cryogrids (Figure S1 available online), as performed previously for the ErmBL-SRC . Data collection was performed on a Titan Krios TEM fitted with the Falcon II direct electron detector (FEI, Netherlands), and images were processed with SPIDER (Frank et al., 1996) (see Experimental Procedures). In silico sorting of cryo-EM images yielded one major homogeneous subpopulation of ribosomes bearing a P-tRNA but lacking A-tRNA ( Figures 1B and 1C ), which contrasts with the previous cryo-EM reconstruction of the ErmBL-SRC that contained tRNAs in both the A-and P-sites . The ErmCL-SRC has an average resolution of 3.9 Å , while local resolution calculations indicate that the ribosomal core reaches 3.5 Å ( Figures 1D  and S1 ). Rigid-body docking of crystallographic structures of the E. coli ribosome (Pulk and Cate, 2013 ) reveals excellent agreement with the cryo-EM map, such as strand separation in b sheets ( Figure 1E ) and the pitch of a helices ( Figure 1F ) within the ribosomal proteins, as well as density for the majority of the amino acid side chains ( Figures 1E and 1F) . Additionally, the rRNA backbone and nucleotides are well-resolved, as well as the position of many magnesium ions ( Figures 1G and 1H) . The distinct features of the electron density allowed the CCAend of the P-tRNA to be accurately placed and a model for residues 3-9 of the ErmCL leader peptide to be built de novo ( Figure 1C ).
Critical Interactions of ErmCL with Components of the Ribosomal Tunnel
The overall path of the ErmCL nascent chain within the ribosomal tunnel is shifted toward erythromycin when compared with the path of ErmBL (Arenz et al., 2014) ( Figure S2 ). Four sites of contact are observed between the ErmCL nascent chain and components of the ribosomal tunnel (Figures 2A, 2B , and S3): At the C terminus of ErmCL, U2506 interacts with V8 and stacks upon the aromatic side chain of F7, whereas I6 interacts with U2586 ( Figure 2A ). These contacts are likely to be important, since mutations to alanine in the conserved ''IFVI'' motif (I6-I9) of ErmCL severely reduce ribosome stalling (Johansson et al., 2014; Vá zquez-Laslop et al., 2008) . Although mutation of U2586 to A, C, or G did not affect wild-type ErmCL stalling ( Figure 2C ), the stalling efficiency of the I6A-ErmCL mutant could be partially rescued by the U2586 mutations ( Figure 2C ). This functional interplay between U2586 and I6 is consistent with the direct interaction observed in the structure (Figure 2A ). To investigate this contact further, we generated all possible amino acid substitutions at position 6 of ErmCL and monitored the efficiency of stalling by toe-printing ( Figure S4 ). The results indicated that the hydrophobic amino acids M, V, and L (and to a lesser extent the charged amino acid E) at position 6 maintained efficient ribosome stalling, whereas all other substitutions further reduced the stalling efficiency.
An interaction is also observed from the N terminus of ErmCL with A2062 ( Figure 2D ); however, due to the poor density (indicating flexibility) of the N terminus ( Figure S3 ), we can only tentatively assign this interaction with A2062 to I3 and could not model the very N-terminal residues M1-G2. While alanine scanning mutagenesis indicates that the nature of the N-terminal residues 
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Cryo-EM Structure of ErmCL-Stalled Ribosome G2-S5 is not critical for ribosome stalling (Johansson et al., 2014; Vá zquez-Laslop et al., 2008) , truncation of more than two N-terminal residues of ErmCL notably reduced stalling (Vá zquezLaslop et al., 2008) , suggesting that the I3 position is at least sterically important for the stalling mechanism. In this regard, we note that in the ErmCL-SRC, A2062 is stabilized in a conformation that lies flat against the tunnel wall ( Figures 2B and S3 ), whereas the A2062 conformation that protrudes into the tunnel lumen observed in the majority of ribosome structures (Vá zquez-Laslop et al., 2010), including the ErmBL-SRC , would sterically clash with the ErmCL nascent chain ( Figure 2D ). In the flat conformation, the N7 of A2062 is within hydrogen bonding distance of the exocyclic amino group of A2503 ( Figure 2B ), suggesting that the steric role of the N terminus of ErmCL may be to induce the previously noted interaction between A2062 and A2503 (Vá zquez- Laslop et al., 2010) . Consistently, mutations of A2062U/C or A2503G dramatically reduce ErmCL stalling (Vá zquez-Laslop et al., 2010; Vá zquezLaslop et al., 2008) . In the absence of conformational changes with previously proposed relays from A2062/A2503 back to the PTC (Vá zquez-Laslop et al., 2010), we favor a model whereby A2062/A2503 exert an effect on the PTC via the ErmCL nascent chain.
Drug Sensing by the ErmCL Nascent Chain within the Ribosomal Tunnel
In the ErmCL-SRC, erythromycin is bound in the canonical position Tu et al., 2005) , as observed previously in the ErmBL-SRC . However, unlike the ErmBL-SRC , direct contact is observed between ErmCL and the drug ( Figures 2E and S3 ), possibly between the backbone N of F7 and the C4 00 -OH of the cladinose sugar of erythromycin; however, higher resolution will be required to verify this. Biochemical experiments support ErmCL monitoring for the presence and the structure of the drug; specifically, ErmCL-mediated stalling was observed in the presence of other cladinose-containing macrolides but not in the presence of ketolide antibiotics, such as telithromycin, which lack the C3-cladinose (Vá zquez- Laslop et al., 2008 Laslop et al., , 2011b (Figure S4 ). Moreover, macrolides bearing modifications of the C3-cladinose are also impaired for ErmCL-mediated ribosome stalling (Vá zquez-Laslop et al., 2011b).
Inactivation of the PTC of the Ribosome by ErmCL
To understand how the interaction of ErmCL with erythromycin and rRNA components of the exit tunnel prevents stable binding of the A-tRNA and therefore leads to inhibition of peptidyl-transfer, we compared the PTC of the ErmCL-SRC with crystal structures of the ribosome in different states of peptide bond formation (Schmeing et al., 2002 Voorhees et al., 2009) (Figure 3A ). While the overall conformation of the PTC is similar between ErmCL and the crystal structures, a few clear differences are evident. In the fully functional ribosome, U2585 rotates by 19 upon A-tRNA accommodation (i.e., when moving from the unaccommodated [uninduced] 2005b) ( Figure 3A) . Surprisingly, U2585 adopts a dramatically different conformation in ErmCL-SRC, such that it is rotated by 80 compared to the unaccommodated state, and is flipped into a pocket formed by U2584/G2583 and G2608 (Figures 3A and 3B) . This is reminiscent of the large rotation (180 ) of U2585 observed upon streptogramin binding to the Deinococcus radiodurans 50S subunit ; however, the final position is distinct ( Figure S3 ). The positions of U2585 in the fully accommodated state would sterically clash with the ErmCL nascent chain, which may be the cause of the flipped state of U2585 in the ErmCL-SRC ( Figure 3B ). This contrasts with the ErmBL-SRC, where the path of the ErmBL nascent chain is compatible with (and even proposed to stabilize) the position of U2585 in the unaccommodated state ( Figure 3C ).
In the Haloarcula marismortui 50S crystal structures, U2506 is also observed to undergo a shift upon A-tRNA accommodation, such that the base interacts with U2585 (Schmeing et al., 2002 (Figure 3D ). In the ErmCL-SRC, U2506 adopts a position similar to (but distinct from) U2506 in the accommodated state, which establishes interactions with residues V8 and F7 of ErmCL and is thereby presumably stabilized by the shifted conformation of the nascent chain ( Figure 3D ). Furthermore, A2602 is observed to undergo a slight shift upon A-tRNA accommodation ( Figure 3E ). In the ErmCL-SRC, A2602 appears to adopt a defined position ( Figure S3 ), similar to the unaccommodated state but slightly shifted toward the A-tRNA ( Figure 3E ), which may also influence A-tRNA stability. During binding and accommodation of the A-tRNA, the ribose 2 0 OH of A76 maintains hydrogen bonding distance to the C4 oxygen of U2585 Schmeing et al., 2002) , which is also observed for the unaccommodated A-tRNA in the ErmBL-SRC . In contrast, this contact is not possible with the flipped position of U2585 in the ErmCL-SRC ( Figure 3F ).
DISCUSSION
Collectively, our biochemical and structural findings lead us to propose a model for ErmCL-mediated drug-dependent ribosome stalling (Figure 4 ): While the exact conformation of the ErmCL peptide within the ribosomal tunnel in the absence of erythromycin has yet to be determined, biochemical studies indicate that peptide bond formation between Ser-tRNA in the A-site and the ErmCL-tRNA in the P-site can occur (Johansson et al., 2014 ; Vá zquez-Laslop et al., 2008) ( Figure 4A ). . In (E), A2602 position of ErmBL-SRC (PDB3J5L, tan) ) is included for reference. (F) The flipped U2585 position in ErmCL-SRC (teal) prevents stabilization of the A-tRNA as observed in the uninduced (PDB1VQ6, orange) and induced (PDB1VQN, yellow) state of the PTC . See also Figure S3 .
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Cryo-EM Structure of ErmCL-Stalled Ribosome However, in the presence of erythromycin, the ErmCL nascent chain interacts with the drug and adopts a unique conformation that is stabilized via interactions with specific rRNA components of the tunnel such as U2586, U2506, and A2062 ( Figure 4B ). In this stalled state, the ErmCL nascent chain precludes the canonical position of U2585 and promotes an alternative flipped conformation, which together with shifted P-tRNA and A2602 positions remodels the PTC making it unfavorable for the A-tRNA to fully accommodate and therefore leads to dissociation and translation arrest ( Figure 4B ). The absence of Ser-tRNA in the A-site of the ErmCL-SRC ( Figure 1B ) is consistent with previous single-molecule fluorescence experiments demonstrating that the A-site of ErmCL-SRC has a reduced capability to stably bind A-tRNA (Johansson et al., 2014) . This contrasts with the structures of ErmBL-and SecM-stalled ribosomes, where stable tRNA binding was observed at the ribosomal A-site Bhushan et al., 2011) .
In conclusion, our study illustrates how the ribosome can employ the ErmCL nascent chain to monitor the presence of erythromycin and induce allosteric conformational rearrangements within the PTC active site, leading to translational stalling and regulation of expression of downstream genes. The distinct mechanisms of drug sensing and active site perturbation utilized by ErmCL and ErmBL raise the question as to whether similar mechanisms are utilized by other drug-dependent stalling systems.
EXPERIMENTAL PROCEDURES
Generation and Purification of ErmCL-SRC ErmCL-SRC were generated following the same procedure as previously described . The 2XermCL construct was synthesized (Eurofins, Martinsried) such that it contained a T7 promoter followed by a strong ribosome binding site (RBS) spaced by 7 nt to the ATG start codon of the first ermCL cistron. A linker of 22 nt separated the stop codon of the first ermCL cistron and the start codon of the second ermCL cistron. The linker also comprised the strong RBS 7 nt upstream of the ATG start codon of the second ermCL cistron, enabling initiation of translation independent from the first ermCL cistron. Each ermCL cistron encoded amino acids 1-19 corresponding to ErmCL leader peptide (GenBank accession number V01278) present on macrolide resistance plasmid pE194 (Iord anescu, 1976; Narayanan and Dubnau, 1985) . The complete sequence of the 2XermCL construct is as follows: 5 0 -TAATACGACTCACTATAGGGAGTTTTATAAGGAGGAAAAAATATGGGC ATTTTTAGTATTTTTGTAATCAGCACAGTTCATTATCAACCAAACAAAAAATA AAGTTTTATAAGGAGGAAAAAATATGGGCATTTTTAGTATTTTTGTAATCAG CACAGTTCATTATCAACCAAACAAAAAATAA-3 0 (T7 Promoter, italics; RBS, bold; the ATC codon in the P-site of the stalled ribosome is shown in bold; annealing site for complementary DNA oligonucleotide, underlined). In vitro translation of the 2xermCL construct was performed using the Rapid Translation System RTS 100 E. coli HY Kit (5PRIME; catalog number 2401110). Translation reactions were analyzed on sucrose density gradients (10%-55% sucrose in a buffer A, containing 50 mM HEPES-KOH [pH 7.4], 100 mM KOAc, 25 mM Mg(OAc) 2 , 6 mM b-mercaptoethanol, 10 mM erythromycin, and 1 3 Complete EDTA-free Protease Inhibitor cocktail [Roche] ) by centrifugation at 154,693 3 g (SW-40 Ti, Beckman Coulter) for 3 hr at 4 C.
For ErmCL-SRC purification, disome fractions were collected using a Gradient Station (Biocomp) with an Econo UV Monitor (Biorad) and a FC203B Fraction Collector (Gilson). Purified ErmCL-SRC disomes were concentrated by centrifugation through Amicon Ultra-0.5 ml Centrifugal Filters (Merck-Millipore) according to the manufacturer's protocol. To obtain monosomes of the ErmCL-SRC, a short DNA oligonucleotide (5 0 -ttcctccttataaaact-3 0 , Metabion) was annealed to the linker between the ermCL cistrons of the disomes, generating a DNA-RNA hybrid that could be cleaved by RNase H (NEB) treatment in buffer A at 25 C for 1 hr. After cleavage of the disomes, ErmCL-SRC monosomes were again purified and concentrated by centrifugation through Amicon Ultra-0.5 ml Centrifugal Filters (Merck-Millipore) according to the manufacturer's protocol.
Negative-Stain EM Ribosomal particles were diluted in buffer A to final concentrations of 0.5 A 260 /ml up to 5 A 260 /ml in order to determine the optimal ribosome density for cryo-EM. One drop of each sample was deposited on a carbon-coated grid. After 30 s, grids were washed with distilled water and then stained with three drops of 2% aqueous uranyl acetate for 15 s. The remaining liquid was removed by touching the grid with filter paper. Micrographs were taken using a Morgagni transmission electron microscope (FEI), 80 kV, wide angle 1K CCD at direct magnifications of 72K.
Cryo-EM and Single-Particle Reconstruction A total of 4 A 260 /ml monosomes of the ErmCL-SRC were applied to 2 nm precoated Quantifoil R3/3 holey carbon supported grids and vitrified using a Vitrobot Mark IV (FEI Company). Data collection was performed at NeCEN (Leiden) on a Titan Krios transmission electron microscope (TEM) (FEI, Eindhoven)
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Cryo-EM Structure of ErmCL-Stalled Ribosome equipped with a Falcon II direct electron detector at 300 kV with a magnification of 125,0853, a pixel size of 1.108 Å , and a defocus range of 0.7-1.2 mm. The data are provided as a series of seven frames (dose per frame of 4 e À /Å 2 ) from which we summed frames 2-5 (accumulated dose of 20 e À /Å 2 ) after alignment using Motion Correction software (Li et al., 2013) . Images were processed using a frequency-limited refinement protocol that helps prevent overfitting , specifically by truncation of high frequencies (in this case, at 8 Å ). As reported and expected , we find that using this processing regime the 0.143 FSC value provides a good indicator for the true average resolution of the map. Additionally, the local resolution of the map was calculated using ResMap . Power-spectra and defocus values were determined using the SPIDER TF ED command, and recorded images were manually inspected for good areas and power-spectra quality. Data were processed further using the SPIDER software package (Frank et al., 1996) , in combination with an automated workflow as described previously (Becker et al., 2012) . After initial, automated particle selection based on the program SIGNATURE (Chen and Grigorieff, 2007) , initial alignment was performed with 419,113 particles using E. coli 70S ribosome as a reference structure . After removal of noisy particles (47,340 particles; 11%), the data set could be sorted into two main subpopulations using an incremental K-means-like method of unsupervised 3D sorting (Loerke et al., 2010) :
The major subpopulation (285,841 particles; 68%) was defined by the presence of stoichiometric densities for P-tRNA and could be refined to an average resolution of 3.9 Å (0.143 FSC) and a local resolution extending to 3.5 Å for the core of the 30S and 50S subunit as computed using ResMap (Figure S1 ). The final map was subjected to the program EM-BFACTOR (Ferná ndez et al., 2008) in order to apply an automatically determined negative B-factor for sharpening of the map.
Molecular Modeling and Map-Docking Procedures
The molecular model for the ribosomal proteins and rRNA of the ErmCL-SRC is based on the molecular model for the 50S subunit from the recent crystal structure of the E. coli 70S ribosome (PDB ID 4KIX) (Pulk and Cate, 2013) and obtained by performing a rigid body fit into the cryo-EM density map of the ErmCL-SRC using UCSF Chimera (Pettersen et al., 2004) (fit in map function). Similarly, the position of erythromycin was identical to that observed previously Tu et al., 2005) and obtained by rigid body fit of PDB3OFR into the cryo-EM density map of the ErmCL-SRC. The overall fit of the crystal structures were in very good agreement with the electron density of ErmCL-SRC, and since exclusively the conformations of important nucleotides of the PTC and the exit tunnel are crucial to interpret the molecular mechanism leading to stalling on ErmCL, only these 23S rRNA nucleotides (A2602, G2583, U2584, U2585, U2586, U2506, and A2062), were manually shifted/rotated where necessary into their respective densities using Coot (Emsley and Cowtan, 2004) , whereas the rest of the rigid-body-fitted crystal structure remained unchanged. The conformation of A2602 observed in ErmCL-SRC is distinct from the ''up'' conformation observed in ErmBL-SRC (PDB3J5L) and from the ''down'' conformation (in PDB1VQN) . As such, its conformation resembles an intermediate state between ''up'' and ''down.'' The conformation of U2506 is similar to its conformation in (PDB1VQN) ; however, slight manual rotation of the base was required to get an optimal fit. Different conformations of A2062-e.g., the ''down'' (PDB2WRJ) (Gao et al., 2009 ) and ''tunnel-in'' (PDB3I8F) (Jenner et al., 2010) -conformations sterically clash with the ErmCL nascent chain, whereas the ''up'' conformation present in the Haloarcula marismortui 50S subunit in complex with model peptide bond substrates (e.g., PDB1VQN) was similar to the conformation of A2062 observed in the ErmCL-SRC. Most notably, U2585 adopts a unique and novel ''flipped out'' position, which is very different to previously observed positions for U2585 (i.e., U2585 in the uninduced [PDB1VQ6] or [PDB1VQN] induced state of the PTC) . In the novel, ''flipped-out'' conformation, U2585 is rotated approximately 80 when compared to its canonical position. In order to regularize the rRNA backbone surrounding U2585, neighboring nucleotides G2583, U2584, and U2586 were slightly adjusted in the model for ErmCL-SRC. Besides 23S rRNA nucleotides, the CCA-end of the P-tRNA, in particular A76, was manually adjusted in order to fit the density, since previously reported conformations observed in crystal structures of the Haloarcula marismortui 50S subunit in complex with model peptide bond substrates did not fit the density when fitted as a rigid body together with the 50S subunit. The molecular model for the ErmCL nascent polypeptide chain was modeled and refined into the density using Coot (Emsley and Cowtan, 2004) .
Figure Preparation
Figures showing electron densities and atomic models were generated using UCSF Chimera (Pettersen et al., 2004) .
Toe-Printing Assay
The DNA templates containing T7 promoter, ribosome binding site, and the ErmCL coding ORF (wild-type or the mutants) were generated by crossover PCR. The toeprinting analysis of drug-dependent ribosome stalling was carried out as described (Vá zquez-Laslop et al., 2008) . Briefly, the DNA templates (0.1 pmol) were used in a total volume of 5 ml of PURExpress (NEB) cell-free transcription-translation reactions. Samples were incubated for 15 min at 37 C, followed by addition of the [ 32 P]-labeled NV1 toe-printing primer designed to anneal $100 nt downstream from the anticipated ribosome stalling site. The primer was extended by reverse transcriptase, and the reaction products were analyzed in sequencing gels. In experiments with mutant ribosomes, the ''D ribosome'' version of the PUREXpress kit was supplemented with ribosomes (10 pmol per reaction) isolated from the SQ171 E. coli strain carrying the plasmid expressing E. coli rrnB operon with the engineered mutations in the 23S rRNA gene. Wild-type and mutant ribosomes were purified as described (Ohashi et al., 2007) .
ACCESSION NUMBERS
The cryo-EM map and associated atomic coordinates have been deposited in the EMDB and PDB with the accession codes EMDB-6057 and PDB ID 3J7Z, respectively. (D) Local resolution ) displayed on the ErmCL-SRC with a transverse section through the 50S subunit (as depicted in the insert), 30S (yellow), PtRNA (green) and erythromycin (red). (E) Average resolution of the ErmCL-SRC was 4.6 Å using the Fourier shell correlation (FSC) cut-off value of 0.5. Since the microscopy images were processed in the absence of spatial frequencies higher than 8 Å, the FSC cutoff value of 0.143 was used for average resolution determination of 3.9 Å . The overall fit of the 50S model to the ErmCL-SRC map is indicated by the FSC calculation between the model and map (red curve). (F) Histogram generated by
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ResMap showing that the local resolution of the final map predominantly ranges from 3.5-4.0 Å. and (H) TEL illustrate the proximity of the C3 cladinose sugar of erythromycin to ErmCL, which is absent in the superimposition of telithromycin due to the lack of the C3 cladinose.
